Myoclonus, which occurs in a wide variety of neurological disorders, describes muscle jerks occurring spontaneously or triggered by a variety of sensory stimuli. The latter, reflex myoclonus, has been divided into two main categories on physiological grounds-a "reticular" reflex type and a "cortical" reflex type.' 2 This paper describes a patient with an unusual form of myoclonic jerking in association with progressive muscular stiffness and evidence of a lower brainstem lesion, in whom the physiological findings were typical neither of reticular reflex nor cortical reflex myoclonus.
Case history (CU, MH783595) A man, 38 years old at the time of investigation, following an appendicectomy at the age of 28 years, noted some stiffness and pain in his lower back, both of which gradually increased. About five years after the onset, the rigidity began to involve his legs and he became progressively more unsteady on his feet. One year before investigation the patient developed widespread intermittent, painful, stereotyped myoclonic jerks. They affected predominantly the axial musculature, particularly the paraspinal and abdominal muscles, and the legs where they involved niainly the hip abductors and triceps surae.
Before the patient was treated wvith oral diazepam he suffered episodes of repeated myoclonic jerks about once every two to three seconds, in bouts which lasted up to five hours occurring about three times per day. These attacks usually occurred spontaneously (except in sleep) but sometimes they were precipitated by micturition or sudden voluntary movements. Each episode caused profound distress and sweating. They were arrested within seconds by intravenous injection of three to five mg of diazepam. At the time of electromyographic (EMG) studies the patient was taking oral diazepam (30 mg/day), which markedly reduced his spasticity and abolished his spasms.
On examination, at the time of admission, his gait was broad-based and ataxic with a marked lordosis and a spine fixed by muscle spasm. Eye movements were full, but he had a consistent downbeating jerk nystagmus on lateral and up gaze. The jaw jerk was brisk and elicited a widespread myoclonic jerk. There were no other cranial nerve abnormalities. The upper limbs were mildly spastic, with increased tendon jerks, but with no loss of power or incoordination. The abdominal and paraspinal muscles were rigid. In the legs there was pronounced increase of tone in all muscle groups, both flexors and extensors, although maximal in quadriceps and triceps surae; power in hip flexors was mildly reduced but elsewhere was normal. All tendon jerks in the lower limbs were grossly exaggerated and there was knee and ankle clonus, but no classical clasp knife response could be elicited. The plantar responses were down-going and the abdominal reflexes were present. No sensory abnormalities were detected and higher mental functions were unaffected.
A CT scan and an air encephalogram demonstrated an enlarged fourth ventricle and marked cerebellar atrophy. Other routine investigations, including the electroencephalogram (EEG), visual evoked responses, serology, plasma electrolytics and calcium studies, serum copper and routine examination of 1125 the cerebrospinal fluid were normal. Electromyographic (EMG) studies using concentric needle electrodes revealed normal activity in biceps and triceps brachii, pectoralis major, vastus medialis and tibialis anterior muscles. However, continuous activity of normal motor units, unaffected by attempted relaxation, was recorded from erector spinae. Motor nerve conduction velocities in median and lateral popliteal nerves were normal.
We were not able to stop the patient's intake of diazepam for more tihan 48 hours, so we could not investigate spontaneous myoclonic jerks. However, a tap with a tendon hammer to the jaw, face, head and back, touch to the chin and to the upper or lower lip, and electrical stimulation of the supraorbital nerves all caused myoclonic jerks, which we could study.
Methods
The EMG was recorded from various sites using silver/silver chloride surface electrodes. The EEG was recorded from unipolar electrodes 7 cm and 11 cm lateral to the vertex referred to linked ear electrodes. Signals were pre-amplified by Devices 3160 amplifiers and were fed into a PDP 12 computer, which was triggered at the same time as the stimulus that elicited myoclonic jerks. Data were collected in single trials or in averages of 128 triails.
Results

EMG studies
When the patient had been without diazepam for 48 hours, myoclonic jerks were elicited by light taps to the skin surrounding the mouth and chin. Pin pricks or other noxious stimuli produced no response from this region. Fig IA illus trates the electromyographic form and latency of these jerks. The average latency for each muscle is shown in tab-le 1. The EMG of jerks in orbicularis oculi, masseter and triceps surae always was a synchronous action potential, whereas other muscles showed more prolonged bursts although never longer than 50 ms. Myoclonic jerks with the same form and latency also could be elicited by tendon taps to the jaw, although in this instance the masseter EMG records also contained a tendon jerk response some 8 ms earlier than the first response to tactile stimuli ( fig IB) . Tendon taps to the head and upper back evoked myoclonic jerks from a much larger input zone than for purely tactile stimuli. Fig 2A shows a single jerk elicited by briskly striking the back of the head with a tendon hammer whilst the patient was seated. When the head was manually braced, therefore reducing muscle stretch, the response was markedly decreased ( fig 2B) .
Jerks also were produced by electrical stimulation of the supraorbital nerve at strengths sufficient to evoke both the RI and R2 response in orbicularis oculi. The EMG responses coincid- A disorder with close similarities to our case, with generalised rigidity and stimulus-sensitive spasms, has been described in association with progressive encephalomyelitis.18 -21 The muscular rigidity in these five cases was similar to that seen in our patient, although the spasms were more prolonged than typical myoclonic jerks in four of the cases. Pathologically the lower brainstem reticular function was particularly involved, and the spinal cord was extensively but variably damaged, the only constant features being preservation of the corticospinal tracts. In the absence of pathological data we cannot be certain of the disease process in our patient, but he may have a similar slowly progressive encephalomyelitis. The length of history might argue against this, the longest interval between onset of symptoms and death in the cases mentioned above being 38 months, but there is close similarity in the muscular rigidity and evidence of brainstem damage (see table 2 ). Alternatively he may have a sporadic cerebellar system degeneration.
Several features of our patient's myoclonus are unusual. The myoclonus occurred (apparently) spontaneously, and continued for prolonged periods in a rhythmic stereotyped fashion. It is possible that these bouts, in fact, were triggered by sensory stimuli such as muscle stretch, and that treatment with diazepam raised the threshold so that only individual jerks could be elicited during our investigation. The myoclonic jerks which we were able to study were stimulus sensitive, the critical stimuli being muscle stretch and light touch; electrical stimulation of the supraorbital nerves also elicited jerks at a longer latency. That muscle stretch was an effective stimulus was indicated by the observation that the response elicited by striking the back of the head with a tendon hammer was greatly reduced when muscle stretch was limited by bracing the head manually. Muscle stretch and touch were only effective stimuli when applied to circumscribed areas. Thus for muscle stretch the input zone included the upper four cervical segments and the entire trigeminal area, whereas for touch, the area was even more circumscribed, being limited to the perioral region only. Another very unusual feature was the stereotyped symmetrical pattern of the jerks, involving mainly axial and proximal leg muscles, with no detectable involvement of arm muscles.
The mechanisms of myoclonus in our patient must be compared to that of other forms of stimulus sensitive myoclonus. Two categories of reflex myoclonus have been proposed, "reticular reflex" and "cortical reflex" myoclonus.' 2 The former is characterised by a simple form of EMG burst, involving all muscles in the body, generalised spikes in the EEG associated with but not time-locked to the jerks, long afferent but short efferent cord conduction time, upward activation of cranial nerves with the earliest event localised in the medulla, muscle stretch as the critical stimulus, and a good response to drugs tending to increase cerebral 5HT levels. Hallett and co-workers' suggested that this type of myoclonus originated in the lower brainstem, probably in the reticular formation. Only one other case of this type of myoclonus elicited by touch to the trigeminal area has been described. 22 The second type, "cortical reflex" myoclonus, is associated with a simple EMG burst, but the jerks are limited to the area of stimulus, are associated with large sensory evoked responses (SERs) the EEG correlate of the myoclonus being a timelocked fragment of the SER, and the critical stimulus is either touch or stretch.2 23 24 It has been suggested that cortical reflex myoclonus is due to stretch or touch stimulating an abnormally excitable cerebral cortical mechanism, perhaps the "transcortical stretch reflex" system. 2 Physiological investigation of our patient revealed that the response of a particular muscle was tightly locked to the stimulus, and to the response of other muscles involved. The earliest EMG responses occurred in the sternocleidomastoids, with conduction then occurring upwards through the brainstem, and downwards through the spinal cord. Conduction up the brainstem was rapid-1*9 ms from the 11th nerve nucleus to the 7th nerve nucleus. Efferent cord conduction appeared to be fast as judged by the latency between sternocleidomastoid (the earliest response) and erector spinae, although this is only an approximate estimate. The EEG correlate of the jerks consisted of widespread bilateral large potentials, preceding and time-locked to the earliest response in sternocleidomastoid, and representing an enlarged sensory potential evoked by the stimulus.
Our patient thus shows differences from each of the two types of reflex myoclonus described earlier, and from other patients with myoclonus and muscular rigidity reported in the literature (see table 3 ). The features which make him unique include the role of touch and stretch as critical stimuli. the limited input zone for eliciting jerks, the symmetrical, stereotyped and yet not completely generalised distribution of the jerks, and the association with progressive muscular stiffness. However, apart from the time-locked EEG correlate, our patient resembles a case of reticular reflex myoclonus quite closely, and he has evidence of a lower brainstem lesion with downbeat nystagmus and CT evidence of brainstem and cerebellar atrophy. The nature of the lesion is obscure, but the underlying physiological disturbance probably reflects an abnormality of the pontine and medullary reticular formation. The short and relatively fixed latency of the myoclonic response with respect to the stimuli suggests mediation by oligosynaptic pathways from the reticular formation upwards through the brainstem and down through the spinal cord.
In conclusion, our patient exhibits a unique form of reflex myoclonus with associated muscular rigidity similar to that seen in the stiffman syndrome and in encephalomyelitis with rigidity. It is likely that these syndromes represent a clinical spectrum and that the mechanism of the rigidity, spasms, and in this case myoclonus, 
